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I. INTRODUCTION 
Soybeans are grown over a wide range of latitude in the 
United States. Any single variety has a rather narrow range 
of latitudinal adaptation. Much more effort is used to 
develop better varieties for various areas than would be 
needed if the same varieties could be used for different 
locations. The controlling factor which limits the range of 
adaptation of a variety of soybeans is photoperiod. Soybeans 
are short-day plants and therefore will produce fruits only 
when given long nights. Many research studies have been 
conducted in attempts to determine the effect of daylength 
in starting the reproductive phase of the life cycle. Fisher 
(1955) found that Lincoln soybeans acted as short-day plants 
when young, but would flower on longer days with increased 
age. Johnson et. al. (i960) accumulated data which indicated 
that the photoreactlon regulating flowering probably controls 
basic processes essential not only for flowering but also for 
all stages of the reproductive development of the plant. 
Studies by Fisher (1955) have shown that growth regula­
tors will alter the reproductive development of soybeans. 
Auxins were reported to act like long days and anti-auxins 
like short days in their effects on the vegetative-repro­
ductive balance in the plants. 
This program was initiated to study the effects of 
naphthalene acetic acid, an auxin, and 2,3»5-trllodobenzoic 
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acid, an antiauxin, on the reproductive development of soy­
bean plants. Some of the experiments were conducted in the 
field to determine the responses of soybeans in their natural 
environment. Other experiments were conducted in the green­
house with controlled photoperlods to study the interactions 
between growth regulators and photoperiod. 
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II. REVIEW OP LITERATURE 
Effects of photoperiod and growth regulators on plant 
growth and reproduction have been studied for many years. 
There are many reviews of the related literature on these 
subjects. 
Subject matter for this review has been divided into six 
major areas for presentations photoperiod, auxin action, 
antiauxin action, floral response to growth regulators and 
photoperiod, effects of growth regulators on fruit set and 
fruit growth, and Interactions among growth regulators. 
A. Photoperiod 
Garner and Allard (1920) discovered and demonstrated the 
influence of daylength on sexual development In plants• They 
showed that flowering of Maryland Mammouth tobacco occurred 
only on short days. The term photoperiod! sm. was applied to 
this new discovery» 
Since that discovery much emphasis has been put on the 
importance of daylength in the normal development of plants„ 
Many excellent detailed reviews have been written on photo-
periodism in plants s Leopold (1951)$ Naylor (1953)$ Borth-
wick et. al, (1956), Audus (1959) $ and Doorehbas and Wellensiek 
(1959)• Photoperiod is clearly one of the most influential 
factors governing flowering of plants. 
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The minimum age at which plants can "be induced to flower 
varies with species and with environmental conditions. 
Whereas flowering of soybeans occurs most rapidly under short 
day conditions, it will occur with prolonged exposure to long 
days. Fisher (1953) found that Lincoln soybeans acted as 
short day plants when young, but would flower on longer days 
with increased age. Plants on an 18-hour photoperiod produced 
macroscopic flowers only after a high ratio of mature to im­
mature leaves had been reached. 
The effect of photoperiod on floral induction and ini­
tiation has been the subject of many investigations, but 
until recently the effect of photoperiod on rate of develop­
ment of flowers and fruits has received relatively little 
attention. Neilson (19^ 2) reported that Biloxi soybeans 
would flower under relative long-day conditions, but short 
days were essential for fruit-set. He proposed that the 
failure to set fruit was due to lack of viable pollen under 
long-day conditions. Fisher (19&3) studied the effect of 
short days on fruit-set of soybean plants that had flowered, 
but not fruited, under long-day conditions. He found that 
three short days were sufficient to induce fruit-set if they 
were given at least one week after flowering began. Only 
small buds or buds not visible at the time of the short-day 
treatments set fruit. The anthers of flowers produced on 
continuous long days did not produce viable pollen, but in­
dividual flowers of these plants set fruit if pollinated with 
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pollen from plants that had been on short days when the 
pollen was produced. 
Johnson et. al. (i960) conducted several studies of 
photoperiod effects on soybeans. In one group of plants day-
lengths were left constant throughout the experiment; in 
another group daylengths were shortened as the plants became 
older to imitate natural conditions in the field, and in 
another group plants were put on short days of 10 hours for 
an initiation period sometime during the life cycle and then 
changed to longer daylengths. The average time from emergence 
to flowering was longer with the changing photoperlods than 
with the constant photoperlods; the time from flowering to 
pod-set was the same for the two groups ; and the number of 
days from pod-set to maturity was greater for the constant 
photoperlods. Plants that had finished flowering when first 
subjected to a range of photoperlods matured later on the 
long than on the short photoperlods. According to these 
workers, the photoreaction regulating flowering probably con­
trols some basic reaction essential not only for flowering 
but also for all stages of the reproductive development of 
the plant. 
They found that the rapid development induced by rather 
short photoperlods often persisted as a measurable after­
effect when the plants were transferred to long photoperlods, 
despite the inhibitory action of the latter. 
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B. Auxin Action 
The basic mechanism by which auxin induces cell elonga­
tion is unknown. McRae et al. (1953)» using Avena-coleoptile 
sections, reported that the promotion of growth by auxin 
could be treated quantitatively on the basis of the supposi­
tion that the auxin molecule exerts its effect through com­
bination with a suitable receptor site within the plant. By 
studying the kinetics of reactions brought about by auxins, 
they concluded that chemically different auxins compete with 
one another for receptive sites within the plant and whether 
inhibition or promotion results depends upon the concentra­
tion of the two substances and upon the differential of Vmax 
for the two substances. 
Bryan and Newcomb (195^ ) found that when tobacco pith 
sections were cultured on agar containing IÂA, the pectin 
methylesterase activity of the tissue was sustained above 
that of controls prior to enlargement, then nearly doubled 
that of controls during the rapid phase of cell enlargement. 
According to their hypothesis, auxins may control enzyme 
systems which are active in hydrolyzing pectin compounds, 
thus making possible the plastic stretching of cell walls and 
insertion of new material, 
Cleland and Bonner (1956) attempted to separate in time 
the action of auxin on the cell from the act of cellular ex­
pansion by water uptake. An effect of auxin pretreatment on 
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the tissues was manifested by an increased expansion of the 
auxin treated tissue above that of untreated control tissue. 
According to Burstrom (1957)> IAA participation may be in­
volved in the plastic stretching of the cell wall, but cal­
cium probably promotes active wall formation. Ordln et al. 
(1957) reported an increase in the rate of incorporation of 
the methyl carbon of methionine with the presence of IAA. 
They suggest that methylation of the carboxyl groups of 
adjacent pectin molecules under the influence of auxin may 
be involved in the splitting of anhydride or calcium bridges 
which contribute to the mechanical properties of the cell 
wall. 
According to Cleland (1958), the presence of auxin 
results in an increase in plastic stretching which is con­
stant and predictable. Jansen ejt al. (i960) suggest that 
IAA, in promoting cell elongation, may promote the synthesis 
of ester groups of soluble pectin material. Cleland (1963) 
used ethionine to separate the effects of auxin on cell wall 
methylation and elongation in the Avena coleoptile. He 
reported that auxin induced elongation could occur indepen­
dent of auxin induced methylation of pectin substances. 
Gulpta and Sen (1961) used radioactive C02 to study the 
effects of IAA on COg fixation in Avena coleoptiles. They 
found that auxin stimulated the incorporation of C^  into the 
alcohol-soluble fraction of the coleoptiles, but the quantity 
found in the insoluble fraction was practically unaffected by 
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auxin. Fixation into pectin and protopectln was markedly 
inhibited by IAA, whereas the amount fixed into polysaccha­
rides and oc-cellulose increased sharply. 
According to Galston and Purves (I960), there appears 
to be something in the cell wall which is essential for auxin 
action. It has been proposed that auxin exerts its influ­
ence on growth by virtue of a metabolic interaction with 
nucleic acids or their constituents. Several auxins inhibited 
the growth of lateral buds of pea stem sections in experiments 
reported by Wicks on and Thimann (1958) » but if kinetin was 
applied with the auxin the inhibition could be prevented. 
According to Gregory and Veale (1957), auxins play a 
definite role in controlling the development of the vascular 
traces to the axillary bud. They found that high auxin 
content of the stem tissues prevented the formation of 
provascular strands. Wickson and Thimann (i960) reported 
that IAA applied to pea stems reached the lateral buds and 
was responsible for inhibition of the buds. 
C. Antiauxin Action 
Zimmerman and Hitchcock (19^ 2) reported that 2,3,5-
triiodobenzoic acid (TIBA), a purely synthetic material, when 
applied to tomato plants $ would cause ordinary vegetative 
buds to produce flowers. They also noticed that more 
axillary growth was produced by the plants treated with TIBA. 
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Galston (1946) studied the effects of TIBA on flowering in 
soybeans. He reported that vegetative plants were not in­
duced to flower by TIBA, but photoinduced plants showed a 
tenfold increase in the number of flower buds produced. 
According to Whiting and Murray (1948), TIBA has been 
classified as a plant growth regulating substance which is 
active in inducing modification of organs but is inactive in 
causing cell elongation or root formation. They found that 
with applications of 0.1 to 1% TIBA, axillary structures in 
the Red Kidney bean definitely exceeded those of control 
plants by the fifth day, and that flowering of treated plants 
considerably preceded that of controls. They attributed this 
difference to more vigorous vegetative growth on the main 
axis of control plants and shorter-lived and earlier-flower-
ing axillary shoots of treated plants. Nitsch (1962) found 
that TIBA applications caused the number of pears of the 
variety, Comice, to be double that of controls. He attributed 
this action to the slowing down of vegetative growth. 
Thimann and Bonner (19^ 8) suggested a competition between 
auxins and antlauxins as the reason why a small amount of 
auxin could bring about a disproportionate amount of growth 
when TIBA was applied. Snyder (19^ 9) suggests that the 
positions on the substrate may be occupied by the most avail­
able kind of molecule. In this case, balance of the different 
types of chemicals is the key, 
McRae and Bonner (195?) reported that each substance 
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they investigated and found to be an anti-auxin could be 
considered as derived from an active auxin by elimination of 
one of the structural features essential to auxin action. A 
compound to be active as an anti-auxin must, they considered, 
be capable of combining at one point but incapable of simul­
taneously combining at both points of the same receptive 
site. 
Aberg (1953) studied root growth of young flax seedlings 
with combinations of auxin and anti-auxin solutions. At low 
concentrations of TIBA, he found a synergistic effect of TIBA 
on native auxin. This also appeared in combination experi­
ments with low amounts of TIBA and IAA. In higher amounts, 
TIBA acted as an auxin antagonist, and in still higher 
amounts the TIBA caused a growth inhibition which he thought 
was probably unrelated to the auxin mechanism. According to 
Thimann (195&), auxin may displace TIBA from sites where 
auxin fits best, and TIBA will combine preferentially with 
less close-fitting sites. As a result a synergistic effect 
is observed between low concentration of TIBA and native 
auxin because auxins will combine with their most effective 
sites. The concept of stimulation by antagonism of endogenous 
growth inhibitors with anti-auxin compounds may have to be 
abandoned, according to Audus and Das (1955)$ since the 
interaction patterns suggest a direct action of these com­
pounds on the growth centers. 
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Do Floral Response to Growth Regulators and Photoperiod 
Leopold and Thimann (1949) studied the effect of naph­
thalene acetic acid (NAA) on floral response in winter barley, 
which is a long day plant. At low concentrations of NAA a 
distinct increase in number of flower primordia resulted, but 
at high concentrations NAA greatly inhibited flower primor­
dia. When Bonner and Thurlow ( 194-9) applied IAA or NAA to 
the foliage of Xanthium. a short-day plant, during the photo-
induction period, initiation of Inflorescence was suppressed. 
They concluded, from grafting experiments, that applied auxin 
inhibits production by or transport from the leaves of the 
stimulus for floral induction. 
According to Bonner (1949), initiation of flower-like 
buds in Xanthium can be induced by TIBA applied under long 
photoperiod conditions. This induction can be completely 
suppressed by simultaneous application of NAA. Salisbury 
(1955) presented evidence to show that flowering of Xanthium 
was inhibited by auxins only if applied before translocation 
of the flowering stimulus from the leaf was complete. 
Fisher and Loomis (1954) reported that foliar applica­
tions of nicotine sulphate induced flowering of soybeans. 
The nicotine sulfate caused the production of abundant macro­
scopic flowers under noninductive photoperiod treatments„ 
Foliar applications of TIBA gave similar results. These 
anti-auxin treatments induced earlier flowering, flowering at 
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lower nodes and more flowers per node. According to these 
authors, comparison of area of mature and of expanding leaves 
at the time of the appearance of macroscopic flowers showed a 
ratio of 5 to 1 in Lincoln soybeans on 11 «5-hour photoperlods, 
increasing to 15 to 1 on 18-hour photoperlods, Ratios were 
reduced toward the short-day level by the anti-auxin treat­
ments ê They found that spraying immature leaves with the 
anti-auxin was more effective in inducing flowering than 
spraying entire plants, and was much more effective than 
spraying only mature leaves. 
Fisher (1955) reported that Lincoln soybeans acted as 
short day plants when young, but would produce flowers on a 
longer photoperiod as they grew older. He found that removal 
of immature leaves was an effective way of hastening flower­
ing, whereas removal of two or more mature leaves delayed 
flowering. The beginning of flowering was closely related to 
the ratio of mature to immature leaves. Effects of anti­
auxin appeared to be the hindrance of auxin production by 
young leaves rather than inhibiting auxin effects in mature 
leaves. 
E. Effects of Growth Regulators on Fruit 
Set and Fruit Growth 
Van Overbeek et al, (19^ 1) reported that ovaries ab-
scissed within a few days when the styles of Melandrlum were 
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removed. If the ovaries were injected with 0.1$ NAA at the 
time the styles were removed, at least 90$ of these ovaries 
yielded parthenocarpic fruits. Since enlargement of ovary 
and ovules is induced by pollination and is well under way 
before fertilization » they suggested the possibility of acti­
vation of some enzyme system which transforms auxin precur­
sors to auxin during pollination. Muir (19^ 2) made measure­
ments of diffusible growth hormones from styles and ovaries 
of pollinated and unpollinated flowers of Nicotiana tabaoum. 
He found no growth hormones or very small amounts in un­
pollinated pistils, but considerable quantities were found in 
pollinated pistils. The amount found was closely related to 
the extent of penetration of pollen tubes into the style. He 
suggested that the pollen tubes may secrete an enzyme which 
can liberate the growth hormones from inactive combinations 
into the style and ovary. 
Hsiang (1951) showed that he could apply NAA or IAA in 
lanolin to the stigma of orchids and duplicate pollen ef­
fects, but the auxin effect invariably ended with a leveling 
off, whereas the pollen effect showed a progressive increase. 
This effect suggests that pollen does not supply the entire 
source of auxin necessary for continued growth and develop­
ment e Murneek (1952) found that dilute solution of NAA would 
promote fruit set, retard fruit abscission, increase size and 
hasten maturity in some plants ; whereas a higher concentra­
tion would curtail or prevent seed development, stop or 
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retard growth and cause abscission. 
According to Loomis (1953), mature flowers produce very 
little growth hormone and have a correspondingly low ability 
to compete for growth materials, The stimulus of pollination 
initiates growth of the seed and fruit, and the fruit is able 
to channel the food supplies to itself. 
Luckwill (1957) indicated that auxins probably control 
fruit growth, but other growth regulators may be necessary 
along with the auxins, Audus (1959) attributes two separate 
functions to auxins in fruit set. They provide tissues of 
the ovary with the factor initiating fruit growth and they 
act as an inhibitor of the processes whibh cause abscission-
layer formation in the flower stalk. He concluded that 
fertilization itself must provide the stimulus for an internal 
auxin production, which is responsible for fruit growth. 
Luckwill (1959) reported that the large Increase associated 
with fruit growth resulted mainly from expansion of cells 
already formed in the unfertilized ovary. This response 
indicates that auxins are the hormones which play a dominant 
part in determining the growth pattern of plants. However, 
other growth substances in addition to auxins must be con­
sidered. 
Van Overbeek (1959) pictures auxin as a trigger which 
sets off reactions which are all out of proportion to the 
amount of matter put into the system. Enzyme systems must be 
involved in this process. Nltsch (1962) indicates that if 
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pollination keeps a fruit growing after anthesis, it does so 
by triggering the development of seeds. He found developing 
seeds to be very rich in growth substances such as auxins, 
gibberellins and kinins. 
Coombe (i960) worked with seeded and seedless varieties 
of grapes. He found, in seeded varieties, that the first 
growth cycle was paralleled by a rise and fall in meristematic 
activity in the seeds and in the auxin content of the berries. 
In seedless varieties, however, he found the growth cycle was 
greater than would be expected from the berry's auxin content 
and the seed's meristematic activity. There was a high 
gibberellln activity in these seedless berries which was not 
found in the seeded varieties. 
P. Interactions Among Growth Regulators 
Many authors in the previous discussions have suggested 
possible interactions of auxins and other growth regulators. 
Das et al. (1956) did experiments with excised tobacco pith 
tissue in vitro. No mitoses in pith tissue occurred without 
IAA. IAA in the medium induced some mitosis, but IAA in com­
bination with kinetin greatly increased the frequency of 
mitosis. They suggested that both chemicals were probably 
necessary and when one was in abundance the other might 
become limiting. Strong (1956) indicated that the effect 
produced by these two substances depended greatly on the 
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ratio of the amounts present. According to Skoog and Miller 
(1957)9 quantitative interactions among growth factors may 
provide a common mechanism for all types of growth. 
Purves and Hillman (1959) applied gibberellins and IAA 
simultaneously to etiolated pea epicotyl sections and found 
growth responses to be only partly additive. They found 
gibberellin response larger in the rapidly growing sections s 
even when IAA was supplied prior to gibberellin treatments. 
They concluded that response to gibberellins could not be 
explained in terms of auxin relations alone. According to 
Lang and Reinhard (1961), the gibberellins are the first 
chemicals known to have a promotive effect on flower forma­
tion in a consistent, reproducible manner and in a well 
defined pattern. 
Kefford and Goldacre (1961) demonstrated auxin and 
gibberellin interactions in the control of cell enlargement 
and auxin and kinetin interactions in initiation of cell 
division. According to them, auxin probably acts as a pre­
disposing agent, causing the production of something in 
limiting amounts which is required by both processes. When 
auxin is limited, according to this theory, competition be­
tween the processes begins, the outcome depending on the 
balance between kinins and gibberellins. According to 
Wright (1961), the early rapid phase of cell growth in 
coleoptiles might be regulated by endogenous gibberellins or 
kinin-like substances and the latter phase of cell expansion 
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by auxins. He found, that wheat coleoptiles were most sensi­
tive to applied gibberellic acid at or before 18 hours after 
sowing, and the response declined until at 78 hours it was 
only 2% above controls. Kinetin gave a maximum growth stimu­
lation 30 hours after sowing. Coleoptiles did not give a 
positive response to IAA until 30-42 hours after sowing and 
were the most sensitive at 54 hours. He attributed the large 
gibberellin response to the period of cell expansion preceding 
division and the kinetin response to the division stage. The 
ratio of chemicals present would be very Important in this 
type of balance. According to Steward (1961), the chemical 
regulatory control of growth of plant cells can be seen as an 
intricate system of interactions in which not only the 
specific effect of each substance is important, but its 
interaction with other parts of the system also is very im­
portant. Haber (1962 ) worked with dormant lettuce seed and 
found that IAA could influence mitotic activity without 
necessarily influencing growth by expansion. According to 
him, IAA can influence (+ or -) mitotic activity apart from 
any actions on growth by expansion. 
Van Overbeek (1962) visualized control of fruit growth 
by a complicated mixture of growth factors, ever shifting in 
composition. A supply of sugar and minerals along with the 
growth factors is important in the overall control of fruit 
growth, according to Loomis (1962)* 
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III. MATERIALS AND METHODS 
A. Preparation of Growth Regulator Chemicals 
A 10,000 ppm stock solution of 2,3,5-triiodobenzoic acid 
(TIBA) was made by dissolving 10 g of the chemical in one 1 
of 95$ ethanol. The stock solution was stored in a dark 
bottle and at -25°C to prevent possible degradation of the 
compound. 
A 10,000 ppm stock solution consisting of two-thirds 
naphthalene acetic acid and one-third naphthalene acetamide, 
by weight, was made by dissolving 6.7 g and 3*3 g of the 
respective chemicals in one 1 of ethanol. The mixture of 
these two chemicals is referred to as naphthalene acetic 
acid (NAA). This stock solution also was stored in the cold, 
or frequently small volumes of the stock solution were 
prepared a short time before use. Preliminary experiments 
with each of these chemicals had indicated that they produced 
similar long-term responses. The acid form caused more twist­
ing of the petioles after spraying. The amide form appeared 
to be slightly more active in producing long-term responses, 
but was difficult to get into solution at high concentra­
tions . For these reasons a mixture of the two forms of this 
auxin was used* 
For application to the plants, a measured volume of a 
stock solution was added to a measured volume of tap water 
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containing 0.02$ Tween-20, a detergent, in a low-pressure 
hand sprayer with a 10 1 capacity. Plants were sprayed until 
all leaves were wetted to the point of run-off. Whenever 
possible, sprays were applied either on cloudy days or during 
the late afternoon. 
Bo Greenhouse Study of Interactions Between 
Photoperiod and Growth Regulators 
An experiment was designed in the greenhouse to study 
interactions between photoperiod and growth regulators. The 
effects of an initiation period and time of application of 
growth regulators to the plants also were considered in the 
experiment. 
On October 11, 1961, 350 6-inch pots were filled with a 
soil mixture consisting of two parts loam, one part peat and 
one part sand and planted to Ford soybeans. Fertilizer was 
added to the soil mixture at the rate of 150 pounds per acre 
of KgO as KgSO^ , 130 pounds per acre of P20^  as KH2P0^ , and 
150 pounds of N as NH^ SO^ . These plants were thinned to two 
plants per pot and were given an 18-hour daylength for 30 
days. 
At the end of 30 days, light-tight canvas curtains were 
used to surround each of three benches in the greenhouse„ 
These curtains were retractable and were drawn around the 
benches from 5 FM until 8 AM. An electric clock was mounted 
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over each of the three benches to control the photoperiodic 
Pour 200 watt incandescent light bulbs per bench served as a 
source of artificial illumination« The lights came on 
approximately one hour before daylight each morning, were 
shut off after the curtains were withdrawn, and came on again 
one hour before dark. They were shut off at night at the 
appropriate time to give the desired daylength. The electric 
time clocks were set for a 14-hour photoperiod over one 
bench, a 16-hour photoperiod over another, and an 18-hour 
photoperiod over the third bench. The pots of plants were 
changed from bench to bench when photoperiod changes were 
made. 
The plants were divided into four groups. The first 
group was divided equally among the three photoperlods and 
treated with growth regulator and leaf-removal treatments. 
The second group was given an initiation period of 14-hour 
days until flowers appeared in the tops of the plants. At 
that time the plants were changed to the three photoperlods 
and treatments were applied. The third group was given 14-
hour days until pods appeared in the tops of the plants » 
At that time these pots were changed to the three photo-
periods and treatments were applied. The fourth group of 
plants was left on 18-hour days until they were 90 days old. 
At that time the pots were divided into three sub-groups „ 
The first sub-group was divided equally among the three 
photoperlods and treatments were applied. The other two-
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thirds of the pots were moved to 14-hour daylengths for a 
10-day initiation period and then moved to the three photo-
periods » The second sub-group was treated during the initia­
tion period on l4-hour daylengths, but treatments were not 
applied to the third sub-group until the plants were changed 
to photoperlods after the initiation period. 
The treatments which were applied to the plants in this 
experiment were the same for all groups and sub-groups. The 
treatments were: (l) check; (2) TIBA, 50 ppm; (3) NAA, 
300 ppm; (4) removal of all young leaves down to the first 
fully expanded leaf; (5) removal of old leaves up to, but not 
including, the first fully expanded leaf; and (6) removal of 
the shoot apex. The two chemical treatments were applied 
three times, three days apart. The leaf-removal treatments 
and shoot-apex-removal treatment were applied just after the 
change of the plants to the three photoperlods, except sub­
group two in which the treatments were applied just after the 
change to the initiation period. The first chemical treat­
ment was applied at the time of leaf-removal and apex-removal 
treatments. There were two replicate pots of each treatment 
and two plants per pot. This gave four plants for each 
treatment. 
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C. Field Studies of Some Growth Regulator 
Effects on Plant Development 
1. Preliminary experiments 
Experiments were conducted in 1961 to determine how 
growth regulator chemicals affected soybeans under field 
conditions. The chemicals used were NAA and TIBA, The 
stages used were those described by Kalton et, al, (1949)0 
These experiments were grown at Squaw Creek bottom, near 
Ames, on a relatively high fertility Colo soil with 500 
pounds of 0-20-20 fertilizer applied in the spring. The 
variety Hawkeye was drilled May 10 in 40-inch rows at a rate 
of 10 to 12 plants per foot. Treatments were replicated 
three or four times. 
The rates and times of treatment encompassed broad 
ranges so as to cover the ranges of physiological activity. 
Visual observations were made on the effect of the chemicals 
on growth and reproduction. Seed yield, height and maturity 
were measured, A more detailed analysis of the effect of the 
chemicals on the plants was not made in the preliminary 
experiments, 
2, Visual effects 
After the preliminary experiments of 19&1; more detailed 
studies were made of the effects of the growth regulators on 
soybean plants in 1962 and 1963. The two growth regulators 
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selected for these studies were TIBA and NAA. After applica­
tion of the chemicals, the plants were watched closely and 
all noticeable effects were recorded. Lodging scores were 
recorded with values ranging from one to five, A score of 
one signifies that all plants in the row were standing erect, 
whereas a score of five signifies that all plants were pros­
trate. These scores were subjective and were recorded 
several times during a season. These visual data were taken 
on several different experiments. No data are shown except 
lodging scores, but several statements are made about other 
effects which were observed. 
3. Effects on growth pattern 
An experiment was planted in both 1962 and 19&3 for 
taking samples from plots throughout the summer. In 19^ 2 the 
experiment was a split plot, with stages as the main plots 
and treatments as the sub-plots. Single-row plots were used 
in the sub-plots as the experimental unit and the experiment 
was replicated three times. Hawkeye soybeans were planted on 
May 10 at the Old Agronomy Farm in 40-inch rows. The soil 
series was a mixture of Clarion and Nicollet. 
In 1963 the experiment used for sampling throughout the 
season was planted May 16 on Squaw Creek bottom on a Colo 
soil. The design used was a randomized block with four-row 
plots as the experimental unit. Samples were taken from the 
middle two rows. The experiment was replicated four times. 
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In 1962 the chemical treatments were $ (1) control; 
(2) NAA, 750 ppm; (3) TIBA, 30 ppm; and (4) TIBA, 150 ppm. 
These chemicals were applied in three equal applications, so 
that each application was one-third of the above concentra­
tion. 
In 1963 the chemical treatments were (1) control; 
(2) TIBA, 30 ppm all applied at one time; (3) TIBA, 30 ppm 
divided into three equal applications; (4) TIBA, 30 ppm 
divided into six equal applications ; (5) TIBA, 60 ppm all 
applied at one time; (6) TIBA, 60 ppm divided into three 
equal applications; (7) TIBA, 60 ppm divided into six equal 
applications ; (8) TIBA, 120 ppm divided into three equal 
applications; (9) NAA, 300 ppm divided into six equal appli­
cations; and (10) NAA, 600 ppm divided into six equal appli­
cations. 
The samples were cut off at ground1level and the stem 
butts placed in water, A plastic bag was slipped down over 
each sample and the samples were put in a cool room of about 
4o°F for a few hours before they were separated into their 
component parts « 
Lodging scores were taken on the plots before the sam­
ples were cute Data for stage of maturity, height, number 
of branches, number of flowers, number of pods and fresh 
weight were taken as soon as possible after the samples were 
taken out of the cool room. The sample size was two feet of 
row in 1962, which contained 16 plants. In 19&3 the sample 
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size was four feet of row. Two of the replications were 
thinned to eight plants per foot and the other two replica­
tions contained between eight and twelve plants per foot. 
4. Effects on dry matter accumulation 
The same plants were used for this study as were used in 
the previous study for data on growth pattern. After the 
data mentioned above had been taken on a sample, the plants 
were separated into various component parts. Leaves were 
taken off the petioles near the leaf base. As much of the 
petioles was left with the stems as possible. On some of the 
sampling dates petioles were separated from the stems, but 
usually they were included with the stems. After pods began 
to develop, they were recorded separately. Also, the fresh 
weight of each component was taken as soon as possible after 
the plants had been separated into the component parts. The 
sample then was put back into the cool room until all the 
samples were finished. 
After all the samples were separated into their component 
parts on a single day, they were put in a dryer at 120°F and 
dried. Dry weights were recorded for all samples. 
Seeds were taken out of the pods after the pods had been 
dried. Weights of seed and of hulls were recorded for each 
sample. 
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D, Field Studies of Some Growth Regulator 
Effects on Seed Yield 
Experiments similar to those used to study dry matter 
accumulation were conducted to study effects of growth regu­
lators on seed yield in 1962 and 1963» Hawkeye soybeans were 
planted in 40-inch rows with eight plants per foot in 1962 
and 10-12 plants per foot in 1963. In 1962 the experiment 
used for a seed yield study was a split plot, with stage of 
chemical treatments as the main plots and chemical treatments 
as the sub-plots. The chemical treatments were applied three 
times, three days apart. The experiment was the same design 
âs the one used for dry matter studies and was planted at the 
same time in the same field with three replications. Sixteen-
foot rows were harvested for seed yield. 
In 1963 two experiments were planted for the study of 
effects of growth regulators on seed yield. They were both 
grown in 40-inch rows on Squaw Creek bottom on a relatively 
high fertility Colo soil. 
One of the experiments was designed to study the effects 
of TIBA at different concentrations and number of times of 
application on seed yield. The experiment was a split-plot, 
with total concentrations of TIBA as the main plots and 
number of applications and stage of growth in which the 
chemical was applied as the sub-plots. Single-row plots were 
used in the sub-plots as the experimental unit and the exper­
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iment was replicated six times » Sixteen feet of row were 
harvested from each sub-plot to estimate seed yield. 
Another experiment was planted in 19&3 to study the 
effect of stages of application and concentration of both 
TIBA and NAA. Application of chemicals was repeated three 
times, three days apart. This experiment was a split-plot, 
with stages of treatment application as the main plots and 
chemical treatments as the sub-plots. Four-row plots were 
used as the experimental unit and the experiment was repli­
cated four times. Twenty-four feet of row were harvested for 
each yield estimate, 12 feet from each of the middle two rows 
of the four-row plot. 
The seeds were thrashed out in October and were dried to 
a constant moisture level. Each sample was then weighed and 
the weight transformed to pounds per acre seed yield. One 
hundred seeds were taken from each sample and weighed for an 
estimate of seed size. 
An analysis of variance was calculated for each experi­
ment . Significant differences among means at the level 
were then shown by Duncan's new multiple range test as 
reported by Duncan (1955)» 
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IV. EXPERIMENTAL RESULTS 
A. Greenhouse Study of Interactions Between 
Photoperiod and Growth Regulators 
Four groups of plants were used in this experiment. The 
first group was put on photoperiods of 14, 16, and 18 hours 
at 30 days of age and sprayed with growth regulators. The 
second group was given an initiation period of 14—hour days 
until full bloom, and the third group was given an initiation 
period of 14-hour days until pods were set on the plants. 
Both the second and third groups were treated with growth 
regulators and changed to experimental photoperiods at the 
end of the initiation period. The fourth group was left on 
18-hour days until 90 days old before they were given ini­
tiation and chemical treatments. 
General statements are made about the first three groups, 
but no data are presented. Effects of an initiation period 
and time of application of treatments were observed. Studies 
were made of responses due to photoperiod and chemical 
treatments„ 
In the first group of plants, which received no initia­
tion period before they were put on experimental photoperiods 
and treatments applied, little information was obtained. The 
plants were too young for the relatively drastic chemical 
treatments which they received. The TIBA treatments killed 
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the apices and caused small leaflets to grow out at the 
nodes. The NAA treatments killed the apices and caused the 
stems to become puffy and soft. 
The second group of plants, which was transferred to a 
14-hour photoperiod at 30 days, was left on this induction 
photoperiod until they were in the full-bloom stage. They 
then were moved to photoperiods of 14, 16 and 18 hours and 
the treatments applied. Plants treated with NAA were observed 
to produce fewer flowers and fewer early pods, but this was 
about the only significant effect observed. Again, treat­
ments were sufficiently drastic to injure the plants and 
reduce seed production. The photoperiod effect from the long 
induction period was sufficient to prevent the treatments 
from changing the results, except for the chemical treatments 
which were drastic enough to hinder the normal development 
of the plants» 
In group three, the treatments and photoperiods were 
applied at the pod-stage of development and no effect of 
treatment was observed. These plants were so strongly 
induced that treatments had no effect on seed development. 
This was true even with the longest photoperiods « 
In group four, all plants were left on 18-hour days for 
90 days. Large amounts of vegetative growth had occurred by 
this time and all plants had begun to flower, even on this 
long day. The initiation treatments, chemical treatments9 
removal of leaves, and removal of apices were all started at 
30 
this time. The effects of photoperiods, Initiation and 
treatments on maturity, height, and reproduction of the 
plants were studied. 
The number of days to maturity was recorded for all 
treatments and are shown in Table 1. These are the number of 
days from the end of the initiation and treatment periods to 
the time that 95$ of the pods were brown. The plants were 
already 100 days old at the end of the initiation and treat­
ment periods. 
The longer daylengths delayed maturity greatly. A 16-
hour daylength delayed maturity seven weeks in comparison 
with plants on 14-hour days. Johnson et. al„ (i960) reported 
similar results and found the large difference in number of 
days from emergence to maturity to result from accumulations 
of differences from each stage of development during the life 
of the plants » TIBA and apex-removal treatments hastened 
maturity on the 16-hour and 18-hour photoperiods, but not on 
the l4-hour photoperiod. The plants treated with TIBA on the 
16-hour daylength matured only two weeks later than those 
treated with TIBA on the 14-hour days. The chemical had an 
effect similar to reduced daylength. The TIBA treatment was 
not as effective in reducing days to maturity when applied 
after initiation (subgroup 3) as it was when applied during 
initiation (subgroup 2) or when applied without initiation 
(subgroup 1). 
The young-leaf-removal treatment also hastened maturity 
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Table 1. Effect of chemical treatments, removal of plant 
parts, initiation period, and photoperiod on number 
of days to maturity of Ford soybeans in the green­
house after the designated treatments were applied. 
Data are days to maturity after treatment 
Treatment 
Photo­
period 
(hours) 
No ini­
tiation 
(Subgroup 
1) 
Initiation 
plus 
treatment 
(Subgroup 2) 
Initiation 
then 
treatment 
(Subgroup 3) 
Mean 
Check 14 57 56 59 57 
16 108 109 109 108 
18 133 128 130 130 
TIBA 14 58 57 60 58 
16 72 71 81 75 
18 82 84 95 87 
NAA 14 77 66 76 73 
16 102 98 105 101 
18 133 133 133 133 
Young 14 59 55 59 58 
leaves 16 83 87 81 84 
removed 18 133 112 82 109 
Old leaves 14 58 57 62 59 
removed 16 122 119 123 121 
18 132 133 128 131 
Apices 14 57 59 58 58 
removed 16 77 73 82 77 
18 84 99 83 87 
on the 16-hour and 18-hour photoperiods, except in subgroup 1 
where no initiation was given. The plants in subgroup 1 were 
not affected by young-leaf removal on the 18-hour photo­
period a This was the only treatment where initiation appear­
ed to be necessary for shortening the number of days to 
maturity. 
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The application of NAA delayed maturity of plants 
on the 14-hour photoperiod, but had little effect at longer 
daylengths• Old-leaf-removal treatments had no effect on 
plants in the strongly inductive 14-hour photoperiod, but 
delayed maturity on the 16-hour daylength. 
The plants treated with TIBA and the plants that had 
young leaves or apices removed matured about three months 
after the initiation period on the 18-hour photoperiod. 
Those with old leaves removed, the control plants, and the 
NAA-treated plants stayed green until they were destroyed the 
last week in May. Most of the pods had matured on these 
latter types of plants and the seeds in the pods were average 
size when they were harvested. At the time these pods were 
harvested and the plants destroyed they were eight months old. 
Height was measured for all plants at the time of 
harvest and these data are shown in Table 2. The chemical 
treatments and the apex-removal treatment reduced the height 
of all plants. Leaf-removal treatments sometimes caused a 
reduction in height. The chemical and apex-removal treat­
ments had less effect on reduction of height when applied to 
subgroup 3 than when applied to the other two subgroups, 
This difference could be expected because the treatments were 
given ten days later in subgroup 3» 
The number of flowers increased rapidly after the period 
of treatment and initiation, even on control plants. All 
plants had begun flowering when the plants were transferred 
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Table 2„ Effect of chemical treatments, removal of plant 
parts, initiation period, and photoperiod on height 
of Ford soybeans in the greenhouse at the time of 
seed harvest. Data are height in inches 
Photo­ No ini­ Initiation Initiation 
Treatment period tiation plus then Mean 
(hours) (Sub­ treatment treatment 
group 1) (Subgroup 2) (Subgroup 3) 
Check 14 72.5 64.2 79.2 72.0 
16 87.0 81.5 83.5 84.0 
18 96.0 98.7 93.7 96.1 
TIBA 14 59.5 53.5 74.2 62.4 
16 62.5 69.2 72.0 67.9 
18 59.5 74.0 71.5 68.3 
NAA 14 67.0 54.2 68.7 63.3 
16 59.2 66.7 76.0 67.3 
18 71.2 85.7 81.2 79.4 
Young 14 74.2 70.5 74.0 72.9 
leaves 16 70.5 74.7 78.5 74.6 
removed 18 100.2 82.2 72.5 84.9 
Old leaves 14 56.7 63.O 72.5 64.1 
removed 16 87.5 75.5 79.5 80.8 
18 90.0 89.5 89.2 89.6 
Apices 14 55.5 62.0 64.0 60.5 
removed 16 61.2 73-0 80.2 71.5 
18 60.0 89.0 67.2 72.1 
to experimental photoperiods and treatments started. Flower 
counts are shown in Table 3 for January 20, which was only 15 
days after the plants were first subjected to experimental 
photoperiods and treatments. The most pronounced effect at 
this time was an increase in flowers with TIBA application in 
subgroups 1 and 2 and a decrease in flowers in these two sub-
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Table 3. Effect of chemical treatments, removal of plant 
parts, initiation period, and photoperiod on number 
of flowers per plant of Ford soybeans in the green­
house 15 days after designated treatments were 
first applied. Data are number of flowers per 
plant 
Treatment 
Photo­
period 
(hours) 
No ini­
tiation 
(Sub­
group 1) 
Initiation 
plus 
treatment 
(Subgroup 2) 
Initiation 
then 
treatment 
(Subgroup 3) 
Mean 
Check . 14 23.2 20.7 21.7 21.9 
16 28.2 24.5 18.7 23.8 
18 19.7 22.5 23.0 21.7 
TIBA 14 28.5 20.7 17.5 22.2 
16 28.7 30.0 23.0 27.2 
18 27.0 31.2 22.0 26.7 
NAA 14 7.8 9.3 16.2 11.1 
16 6.3 12.2 17.2 11.9 
18 11.7 8.0 14.7 11.5 
Young 14 I8.5 21.0 19.7 19.7 
leaves 16 27.0 29.5 25.5 27.3 
removed 18 27.5 31.2 25.7 28.1 
Old leaves 14 22.7 16.7 21.7 20.4 
removed 16 17.0 14.5 16.5 16.0 
18 16.0 12.5 19.5 16.0 
Apices 14 14.7 22.2 24.5 20.5 
removed 16 26.0 24.7 19.5 23.4 
18 25.5 20.7 22.2 22.8 
groups with NAA application. Fisher and Loomis (195*0 report­
ed similar results from spraying soybeans at an earlier stage 
of development with anti-auxin and auxin compounds on varying 
experimental photoperiods. Application of treatments to the 
third subgroup had been started at the time of these flower 
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counts, but the treatments had not been completed when the 
flowers were counted. 
The effects of treatments on fruiting of the plants were 
studied from the time of application throughout the remainder 
of the growth period. The attributes studied were number of 
pods, number of seed and yield of seed. These data are shown 
in Tables 4, 5» 6 and 7» Since these attributes are inter­
related they will be discussed as a group. The effect of 
photoperiod was dominant in fruiting, so the treatment effects 
will be discussed for each photoperiod separately, then 
general effects will be summarized* 
With a 14-hour daylength, TIBA caused a large increase 
in the number of pods, but the number of seeds set was not 
much different from the number set by control plants. The 
seed yield was lower than the yield of control plants « 
Treatment of plants with NAA on a 14-hour photoperiod reduced 
the number of pods and also caused fewer seeds and lower 
yields. These effects were more pronounced in the third 
subgroup where the chemical was applied later. Removal of 
leaves appeared to have little effect on the plants on a 
short day except when enough leaves were removed to reduce 
leaf area greatly and therefore reduce yield, as was the 
result with the old-leaf-removal treatment. Removal of the 
apices caused an Increase in the number of pods, the number 
of beans $ and the total yield compared to that of control 
plants on this short photoperiod. Removal of apices did not 
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Table 4» Effects of chemical treatments, removal of plant 
parts, initiation periods, and photoperiod on 
number of pods per plant on Ford soybeans in the 
greenhouse 53 days after the designated treatments 
were first applied. Data are number of pods per 
plant 
Treatment 
Photo­
period 
(hours) 
No ini­
tiation 
(Sub­
group 1) 
Initiation 
" plus 
treatment 
(Subgroup 2) 
Initiation 
then 
treatment 
(Subgroup 3) 
Mean 
Check 14 8.5 9.0 7,5 8.3 
16 10.3 8.8 7.8 9.0 
18 5»5 3.0 6.3 4.9 
TIBA 14 19.5 13.3 15.3 16.0 
16 17.3 21.8 17.5 18.9 
18 16.0 19.3 12.0 15.8 
NAA 14 4.0 4.3 2.0 3.4 
16 2.8 2.3 2.3 2.5 
18 0.0 0.0 1.5 0.5 
Young 14 9.8 7.3 7.8 8.3 
leaves 16 15.3 12.3 10.5 12.7 
removed 18 6.0 10.5 10.8 9.1 
Old leaves 14 8.0 6.3 4.3 6.2 
removed 16 6.0 8.5 6.8 7.1 
18 3.3 3.0 6.0 4.1 
Apices 14 10.3 9.8 9.0 9.7 
removed 16 13.5 11.3 8.5 11.1 
18 12.3 8.8 9.8 10.3 
increase branching, as would be found if apices were removed 
on younger plants. 
Changing from a 14-hour daylength to a 16-hour daylength 
caused an increase in number of pods, number of seeds, and 
seed yield for most of the treatments. Initiation treatments 
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Table 5» Effect of chemical treatments, removal of plant 
parts, initiation period, and photoperiod on number 
of pods on Ford soybeans in the greenhouse at time 
of seed harvest. Data are number of pods per plant 
Photo- No ini­ Initiation Initiation 
Treatment period tiation plus then Mean 
(hours) (Sub­ treatment treatment 
group 1) (Subgroup 2) (Subgroup 3) 
Check 14 8.5 9.0 7.5 8.3 
16 16.7 15.5 8.5 13.6 
18 6.5 5.3 12.0 '7.9 
TIBA 14 19.5 13.3 15.3 16.0 
16 14.5 15.0 16.0 15.2 
18 17.8 17.5 17.5 17.6 
NAA 14 4.0 4.3 2.0 3.4 
16 9.8 8.5 9.8 9.4 
18 10.5 6.8 7.8 8.4 
Young 14 9.8 7.3 7.8 8.3 
leaves 16 15.8 15.3 11.3 14.1 
removed 18 16.5 10.3 13.8 13.5 
Old leaves 14 8.0 6.3 4.3 6.2 
removed 16 14.8 13.0 10.8 12.9 
18 10.5 7.8 10.3 9.5 
Apices 14 10.3 9.8 9.0 9.7 
removed 16 13.8 16.0 16.0 15.3 
18 19.3 9.5 14.8 14.5 
also began to play an important role on the longer daylengths » 
Initiation before application of treatments (subgroup 3) 
caused reduction in seed yield from all treatments except 
TIBA. Treatments did not affect seed yield as much on this 
16-hour daylength as on the longer or the shorter experimen­
tal photoperiods. 
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Table 6» Effect of chemical treatments, removal of plant 
parts, initiation period, and photoperiod on the 
number of seed per plant on Ford soybeans in the 
greenhouse at the time of seed harvest. Data are 
number of seeds per plant 
Photo- No ini­ Initiation Initiation 
Treatment period tiation plus then Mean 
(hours) (Sub­ treatme nt treatment 
group 1) (Subgroup 2) (Subgroup 3) 
Check 14 16.7 15.5 15.7 16.0 
16 34.5 29.2 14.2 26.0 
18 11.0 9.7 20.0 13.6 
TIBA 14 17.7 16.2 15.0 16.3 
16 21.0 21.5 24.2 22.2 
18 33.2 29.7 33.0 32.0 
NAA 14 11.5 9.0 6.0 8.8 
16 17.7 17.5 39.5 24.9 
18 23.0 14.5 15.0 17.5 
Young 14 16.5 13.5 14.7 14.9 
leaves 16 29.0 31.0 19.5 26.5 
removed 18 30.7 19.0 24.5 24.7 
Old leaves 14 14.7 9.2 7.7 10.5 
removed 16 28.7 24.0 17.7 23.5 
18 17.7 13.5 15.0 15.4 
Apices 14 20.0 19.7 17.2 19.0 
removed 16 26.5 35.0 29.5 30.3 
18 39.0 16.5 29.0 28.2 
Number of early pods was increased on the 16-hour day-
length by TIBA applications and reduced by applications of 
NAA, as was found with l4-hour photoperiods. However, by 
harvest time the number of pods on TIBA-treated plants was no 
greater than on the control plants. The number of pods on 
NAA-treated plants remained low. Yield of seeds and number 
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Table 7» Effect of chemical treatments, removal of plant 
parts, initiation period, and photoperiod on the 
yield of seed per plant of Ford soybeans in the 
greenhouse. Data are grams of seed per plant 
Treatment 
Photo­
period 
(hours ) 
No ini­
tiation 
(Sub­
group 1) 
Initiation 
plus 
treatment 
(Subgroup 2) 
Initiation 
then 
treatment 
(Subgroup 3) 
Mean 
Check 14 3.29 3.07 2.85 3.07 
16 5.90 5.27 2.00 4.39 
18 1.55 1.66 2.49 1.90 
TIBA 14 2.86 2.77 2.36 2.34 
16 3.25 2.99 3.25 3.16 
18 4.35 4.18 4.80 4.44 
NAA 14 2.52 2.10 1.31 1.98 
16 4.30 3.90 3.40 3.87 
18 3.99 2.94 2.96 3.30 
Young 14 3.09 2.68 2.74 2.84 
leaves 16 4.71 5.04 2.89 4.21 
removed 18 4.30 3.06 4.17 3.84 
Old leaves 14 2.74 1.47 1.29 1.83 
removed 16 3.88 3.41 2.35 3.21 
18 2.16 1.62 2.14 1.97 
Apices 14 3.92 3.63 3.17 3 «57 
removed 16 4.34 5.63 4.09 4.69 
18 5.72 2.23 4.26 4.0? 
of seeds were both somewhat smaller for plants treated with 
either TIBA or NAA than were values for control plants. 
As in the 14-hour photoperiod, the removal of leaves had 
little effect on the plant in yield response except when leaf 
areajwas reduced drastically, as was the result with the old-
leaf-removal treatment. Removal of apices resulted in an 
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Increase in pod number comparable to the TIBA treated plants, 
but unlike the TIBA treatment the number of seeds in the 
pods was not reduced; therefore, the yield of seed was higher 
for this treatment on the 16-hour photoperiod than was the 
yield of control plants. 
With the 18-hour daylength, TIBA treated plants showed 
an increase in number of pods and number of seeds, as was 
shown with the shorter photoperiods, but unlike the shorter 
photoperiods, the effects were carried over into seed yield. 
There was a large increase in pod number and seed yield with 
TIBA treatments, removal of young leaves and removal of 
apices. The extra seed yield for the TIBA treatment was 
reflected as a larger number of seeds. Treatment with NAA 
drastically reduced the number of early pods, but the number 
and size of seeds was high compared with control plants, and 
therefore the seed yield with this treatment was greater than 
that of the control plants. Removal of old leaves did not 
delay pod formation on this photoperiod, as did the NAA 
treatment, However, the yield was low because of the small 
size of the seed. The largest increase in number of pods and 
number of seeds above control plants was on the 18-hour day-
length and the most effective treatment was TIBA, Young-leaf-
removal and apex-removal treatments increased pod number and 
seed number much more than did old-leaf-removal and NAA 
treatments on this photoperiod. 
In general, TIBA hastened flowering and pod set, but 
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reduced the size of the seeds, whereas NAA delayed flowering 
and pod set but resulted in an increased size of the smaller 
number of seeds. TIBA hastened maturity on the medium and 
long photoperiods and NAA lengthened the time to maturity on 
the short photoperiod. Removal of young leaves had an effect 
similar to the effect of the TIBA treatment and removal of 
old leaves was somewhat similar to the NAA treatment, but 
these effects were usually much smaller than the effects of 
the chemical treatments. Removal of the apex at a critical 
time of balance between vegetative growth and reproductive 
development greatly increased pod set and bean number. 
Debuddlng at this stage did not result in forcing lateral 
buds aë it did at earlier developmental stages. Initiation 
had some effects on the reaction of the chemicals on the 
longer experimental photoperiods, but not as much effect as 
would be expected on younger plants. These older plants 
appeared to be somewhat less receptive to photoperiod changes. 
Fisher (1955) found that Lincoln soybeans would flower on 
longer days as they grew older and developed more mature 
leaves. 
An analysis of variance of the data in Tables 1 to 7 is 
presented in Table 8. Only those effects have been discussed 
which, in the writer's judgment, were real effects. No 
attempts were made to determine the level of statistical,sig­
nificance of any of the individual treatments. The analysis 
of variance shows that there were numerous statistically slg-
Table 8. Analysés of variance of data in Tables 1 through 7 
Mean square of attribute 
Source of 
variation df 
Number 
of 
flowers 
Jan* 20 
Number 
of 
pods 
Feb. 27 
Number 
of 
pods at 
harvest 
Number 
of 
seed 
Seed 
yield 
grams 
Height 
inches 
Days to 
maturity 
Photo­
period (P) 
2 90.0 133.0** 432.0** 2038.0** 2898** 3857 51,252** 
Error a 9 30.8 0.55 25.0 89.4 534 984 13.7 
Initia­
tion (I) 
2 1.5 27.5** 91.5* 361.0** 1158** 290 61.5 
I X P 4 48.5** 20.2** 44.0 2720** 820** 583 268** 
Error b 18 10.7 13.5 21.3 62,4 13.5 228 17.8 
Treat­
ment (T) 
5 104.8** 909.0** 378.0** 678** 1279** 1943** 7,120** 
T X P 10 67.9* 15.5** 41.0** I99## 534** 188** 1,614** 
T X I 10 95.8** 11.1** 9.0 1.5 49.5 348** 271.6** 
T X I X P 20 33.6 17.1** 21.8* 88.0** 207* 130** 170** 
Error c 135 30.8 4.3 12.4 37.0 115.3 37.7 20.8 
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nificant aspects of the treatments « 
Bo Field. Studies of Some Growth Regulator 
Effects on Plant Development 
1» Preliminary experiments 
Preliminary experiments had been performed with soybeans 
in 1961 in which TIBA and NAA had been used in a wide range 
of concentrations over a range of stages of development of 
the soybean plant » These results indicated that the most 
effective time to apply the growth regulators for obtaining 
changes in growth and developments of the plants was at about 
five to ten percent flowering (Stage 3)0 Later applications 
of either chemical caused a seed yield loss and pod drop. 
Applications of the growth regulators before flowering 
appeared to differ from Stage 3 applications, but adequate 
information on early applications was not obtained in 1961. 
Preliminary data on concentrations of chemical indicated 
that 150 ppm or above of TIBA was injurious to the plants and 
above 1500 ppm of NAA was injurious. These applications had 
been applied in three equal doses. 
2e Visual effects 
Responses were evident within a week after TIBA was 
applied at Stage 3« Among the first effects noted were 
shortening of internodes near the apex, loss of apical domi­
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nance, and darkening of the apex. After about two weeks the 
apex was lost from plants treated with high rates of the 
chemical. The leaves turned a darker green in color than 
those of control plants and did not expand to full size» 
Morphological development was slightly advanced and the 
plants branched more than did control plants. 
The first visual effect after the NAA treatment was 
twisting of the petioles about an hour after application. 
With high levels of NAA application there was a curling of 
the upper part of the stem. After a few days the leaves were 
a darker green and smaller, and the plants were a little 
shorter. The smaller size of the plants was soon overcome, 
but the leaves remained a darker green through August. 
In 1962 there was not much problem with lodging, but in 
1963 a heavy windstorm on July 16 blew the plants down badly. 
This was about a week after the last spraying of plants in 
the sampling experiment, except for those that were sprayed 
six times. For these plots the sixth spraying had just been 
completed. Plants which had been treated with NAA or heavy 
rates of TIBA stood well through this wind. (See photographs 
in Figures 1, 2, and 3). 
3» Effects on growth pattern 
Data were taken at time of sampling for plots treated at 
Stage 2 as well as plots treated at Stage 3 In 1962. Some of 
these data are shown In Table 9- The plants sprayed at Stage 
Figure 1« Photographs taken during July to show growth 
characteristics of control plants (upper) and 
those treated with 30 ppm TIBA (lower) 
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Figure 2, Photographs taken during July to show growth 
characteristics of control plants (upper) and 
those treated with 120 ppm TIBA (lower) 

Figure 3» Photographs taken during July to show growth 
characteristics of control plants (upper) and 
those treated with NAA (lower) 

Table 9. Effect of chemical treatments and the stage at which the treatments were applied on 
several attributes of Hawkeye soybeans in 19&2 
Attribute 
Stage Chemical Level of Maturity Height Lodging Number Number Number Number Number Number Number 
of ap- treat- chemical date (inches) score of of of of of of of 
plica- ments (ppm) (Sept.) bran- bran- flow- flow- flow- pods pods 
tion ches ches ers ers ers (Aug. (Sept. 
(July (Aug. (July (July (July 15) 5) 
20) 15) 3) 11) 20) 
2 Control 18 44 1.6 0.8 0.8 7.2 32.5 46.6 41.3 
2 NAA 750 18 44 1.6 0.0 0.6 1.9 — —  21.5 47.8 37.7 
2 TIBA. 30 19 42 1.6 1.8 2.4 6.5 39.3 43.9 42.6 
2 TIBA. 150 21 35 2.0 3.8 3.9 6.4 42.2 42.5 39.7 
3 Control 18 44 1.5 0.3 0.8 — 22.5 30.1 36.7 42.7 
3 NAA 750 23 43 1.2 0.4 1.3 — 7.8 5 - 0  26.8 27.8 
3 TIBA 30 16 38 1.6 1.2 1.9 — —  21.5 36.3 51.6 45.3 
3 TIBA 150 14 24 1.2 1.8 3.3 24.4 42.4 51.6 34.1 
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2 all matured at about the same time and lodged to about the 
same degree, except those sprayed with a high rate of TIBA» 
The apices of these plants were killed and many branches 
developed on the plants » As a result they grew vegetatively 
longer and matured later. In contrast to this, maturity was 
hastened for plants sprayed at Stage 3 with TIBA. Maturity 
was delayed for those sprayed with NAA at Stage 3» The plants 
treated with a high rate of TIBA at Stage 3 branched heavily 
because the apices were killed, but branches were much 
shorter than those sprayed at Stage 2 because the branches of 
plants treated at Stage 3 were terminated early with flowers 
at the apical end. TIBA appeared to hasten termination of 
vegetative growth in favor of reproductive growth when 
applied at Stage 3» 
The plants sprayed at Stage 3 with NAA were slower to 
develop flowers and pods» The amount of flowering was 
reduced by application of NAA at Stage 2 but the effect of 
the chemical for delaying fruiting appeared to disappear by 
August• 
It appeared that the 1962 rate of application of NAA at 
Stage 3 was too high and the visual effects disappeared 
sooner than those which resulted from treatment with TIBA. 
In 1963 the rates of NAA were lowered to 50 ppm and 200 ppm 
solutions at any one spraying and the number of times of 
applications was raised to six. An extra level of TIBA 
between the high and low rates of 1962 was added in 19&3 and 
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the number of times of application was varied. Some data 
from these plots are shown in Table 10. The height and 
maturity data compare favorably with those of 19&2. The 
lodging data show how severely the untreated plants lodged 
and the effect of spraying with growth regulators in pre­
venting lodging. 
The variation in stage of development of plants treated 
with chemicals at Stage 3 Is shown in Table 10. The plants 
treated with NAA were behind in stage of development in 
August, but had lost as much water from both pods and stems 
in September as had the controls. The TIBA treated plants 
•were ahead in stage of development in August and lost water 
faster in September than did control plants. The plants 
treated with NAA had essentially no branches in 1963 (data 
are not presented). 
4. Effect on dry matter accumulation 
The typical development of a soybean plant during the 
season is shown in Figure 4 from data collected in 1962. 
During June and July the plant mainly produces leaves, stems, 
ànd roots. The average plant flowers from the last of June 
to the first of August. The rate of production of leaves and 
stems decreases rapidly after the first of August and the 
photosynthate made by the plant is used in the formation of 
pods. During the latter half of July the leaves and stems 
are still growing, but pods are also setting on and beginning 
Table 10» Effect of chemical treatments on several attributes of Hawkeye soybeans 
in 1963 
Attributes 
Chemical Total 
amount 
(ppm) 
Time 
of 
appli­
cation 
Matur­
ity 
date 
(Sept.) 
Height 
in inches 
(Sept. 27) 
Lodging 
score 
Stage 
on 
Aug. 19 
# water 
pods 
(Sept. 12) 
# water 
stems 
(Sept. 27) 
Control 0 0 21 46 4.5 8.0 6l.6 58.5 
TIBA 30 6 20 42 4.0 8.2 62.9 57.6 
TIBA 30 3 19 4l 4.0 8.4 58.6 53.5 
TIBA 30 1 18 39 4.0 8.2 58.4 53.1 
TIBA 60 6 17 39 3.0 8.4 53.0 48.1 
TIBA 60 3 14 38 1.5 8.6 52.6 45.6 
TIBA 60 1 14 36 1.5 8.6 50.1 45.4 
TIBA 120 3 14 34 1.5 8.6 49.3 45.8 
NAA 300 6 23 48 1*5 7.8 59.7 54.3 
NAA 1200 6 25 49 lo5 7.6 62.9 55.8 
Figure 4e Distribution of dry matter accumulation in the 
component parts of control soybean plants in 
1962 
Figure 4. Distribution of dry matter accumulation in the 
component parts of control soybean plants in 
1962 
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to grow. A large portion of the dry matter gain during the 
first two weeks in August is in pods, and after the middle of 
August the dry matter gain is in the seed. 
Data are shown in Table 11 for accumulation of dry 
matter in plants sprayed at Stage 2 in 1962. Each attribute 
is shown at the time of maximum dry weight. This was about 
the middle of August for leaves and stems, first of September 
for hulls, and the middle of September for seed. The NAA 
treatment appeared to increase final seed weight and the TIBA 
treatment decreased it. These effects obtained from applying 
chemicals at Stage 2 will be shown to be different from those 
obtained from Stage 3 treated plants. 
The application of growth regulatory chemicals at Stage 
3 was prior to the period of competition between vegetative 
growth and pod set. It was noticed in 1961 that application 
of the chemicals at Stage 3 caused large changes in growth 
and development of the plants. Dry matter accumulation data 
were taken in both 1962 and 1963 for plants sprayed at Stage 
3. 
The total dry matter produced by the plant gives an 
indication of the effect the chemicals had on the overall 
development of the plant. Figures 5 and 6 show the seasonal 
changes in total dry matter produced under the influence of 
different growth regulators. The maximum leaf weights were 
reached early in August. After this, abscission of leaves 
was rapid. In order to draw curves for total dry weight 
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Table 11. Effect of chemical treatments applied at Stage 2 
on several attributes of Hawkeye soybeans in 1962 
Attribute 
Leaf dry Stem dry Total Hulls dry Seed dry 
Chem- Rate weight weight vegeta- weight weight 
ical lbs/acre lbs/acre tive dry lbs/acre lbs/acre 
Aug. 15 Aug. 15 weight Sept. 5 Sept. 13 
lbs/acre 
Aug. 15 
Con- 0 
trol 
1781 2519 4300 988 2305 
NAA 750 1825 2497 4322 934 2544 
TIBA 30 1852 2492 4345 1001 2040 
TIBA 150 1513 2021 3534 750 1999 
produced by the plants throughout the season, it was neces­
sary to add the weight of these dropped leaves into the 
totals for the remainder of the season. There would be some 
translocation out of the leaves before they dropped, but this 
should not appreciably affect the relative positions of the 
curves. 
In 1962 and in 1963 the treatments all caused a lower 
rate of production of total dry matter for a period of time 
after application of the chemicals. This temporary reduction 
in dry matter was soon overcome in 19&3, but in 1962 it was 
overcome much later. The highest rate of TIBA in 1962 per­
manently lowered dry matter production. The plants appeared 
to absorb the chemical better, or at least to be more affected 
Figure 5» Accumulation of dry matter by soybeans treated 
with growth regulators at Stage 3 in 1962 
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Figure 6. Accumulation of dry matter by soybeans treated 
with growth regulators at Stage 3 in 1963 
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by the chemical in 1962 than in 1963* The rate of production 
of dry matter appeared to increase later in the season for 
plants sprayed with either chemical, except for the highest 
rate of TIBA in 1962» This increase came late in the season 
for NAA treated plants in 1962. 
Plants were separated into different components to find 
the plant parts most affected by the chemicals. The accumu­
lation of dry matter in the leaves is shown in Figures 7 and 
80 Except for the highest rate of TIBA in 1962, all treat­
ments caused greater production of leaves than occurred in 
controls. The NAA treated plants were especially high in 
leaf productione In 1963 an attempt was made to determine if 
these leaves were thicker or if more leaf area was produced. 
To do this an equal number of leaf punches was taken from 
each plot, dried, and weighed. The data in Table 12 show 
that the treated plants had thicker leaves than untreated 
plants. 
Petioles were left with the stems at early sampling 
dates of both seasons, so it was impossible to present 
separately weights of stems and petioles. The weights of 
stems plus petioles are plotted in Figures 9 and 10. They 
show the same types of dry matter accumulation for treatments 
as did leaves, except that in 1963 the highest rate of TIBA 
caused less stem growthe The stems of NAA treated plants 
were enlarged and there was a large accumulation of dry 
matter in them. There was practically no lodging or branch-
Figure ?« Accumulation of dry matter by the leaves of soy­
beans treated with growth regulators at Stage 3 
in 1962 
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Figure 8» Accumulation of dry matter by the leaves of soy­
beans treated with growth regulators at Stage 3 
in 1963 
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Table 12» Effect of chemical treatments applied at Stage 3 on 
weight in grams of 40 leaf punches 
Attribute 
Chemical Rate Fresh Dry % dry Fresh Dry % dry 
weight weight weight weight weight weight 
8/9/63 8/9/63 8/9/63 8/19/63 8/19/63 8/19/63 
Control 0 1.72 0.44 25.6 1.91 0.50 26.2 
TIBA 30 2.16 0.50 23.3 2.13 0.51 24.1 
TIBA 60 2.10 0.50 23.7 2.31 0.60 26.0 
TIBA 120 2.24 0.51 22.8 2.57 0.61 23.9 
NAA 200 2.16 0.55 25.5 2.47 0.65 26.2 
ing in these plants0 
A significant result of the use of these growth regula­
tors was the effect on time of podding in soybeans. The 
accumulation of dry weights of pods plus seed i^  shown in 
Figures 11 and 12. Spraying with TIBA caused more weight to 
be accumulated in pods plus seeds for both seasons at any 
given date, except for the last sampling of plants treated 
with 150 ppm in 1962. This extra weight was a result of both 
earlier pods and more pods, as was previously shown in Table 
9» The high rate of NAA in 1962 delayed podding appreciably 
and these plants remained behind in pod plus seed weight 
throughout the season»' In 1963 NAA delayed the early setting 
of pods somewhat 9 but later in the season pods set on the 
plants more heavily than on control plants and dry weights 
Figure 9, Accumulation of dry matter by the stems and 
petioles of soybeans treated with growth regula­
tors at Stage 3 in 19&2 
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Figure 10» Accumulation of dry matter by the stems and 
petioles of soybeans treated with growth régula 
tors at Stage 3 in 1963 
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Figure 11» Accumulation of dry matter by the pods and seed 
of soybeans treated with growth regulators at 
Stage 3 in 19&2 
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Figure 12. Accumulation of dry matter by the pods and seed 
of soybeans treated with growth regulators at 
Stage 3 in 19&3 
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increased rapidly. This may have "been due to the more fre­
quent application of NAA in 19&3 than in 19&2. 
A good method of comparing the change in relationship of 
vegetative growth and reproductive development due to the use 
of these growth regulators is to express pod plus seed 
weights as a percentage of the total dry matter produced. 
These data are shown in Figures 13 and 14. It can be seen 
that the TIBA was more effective in changing this relation­
ship in 1962 than in 19&3. These data illustrate the slowing 
of vegetative growth in favor of reproductive development 
when TIBA had been applied. They also Illustrate the delay 
of reproductive development and the continued vegetative 
growth when NAA was applied. 
The overall development of both vegetative and reproduc­
tive parts under these different treatment influences can be 
seen in the pictures which were taken in early September 
(Figures 15$ 16, and 17). 
C. Field Studies of Some Growth Regulator 
Effects on Seed Yield 
Experiments were conducted in 1962 and 1963 to determine 
the effects of growth regulator chemicals on seed yield of 
soybeans under field conditions. The chemicals used for 
these studies were NAA and TIBA. Preliminary experiments in 
1961 had indicated that TIBA applied at approximately 30 ppm 
Figure 13» Accumulation of dry matter by the pods and seed 
of soybeans expressed as a percentage of the 
total dry matter accumulated by the soybeans 
treated with growth regulators at Stage 3 in 
1962 
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Figure 14. Accumulation of dry matter "by the pods and seed 
of soybeans expressed as a percentage of the 
total dry matter accumulated by the soybeans 
treated with growth regulators at Stage 3 in. 
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Figure 15e Photographs taken during early September to show 
the differences in plant development of control 
plants (upper) and those treated with 30 ppm 
TIBA (lower). The label in the lower photograph 
means that TIBA was applied three times at 40 
ppm 
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Figure l6. Photographs taken during early September to show 
the differences in plant development of control 
plants (upper) and those treated with 120 ppm 
TIBA (lower). The label in the lower photograph 
means that TIBA was applied three times at 40 
ppm 
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Figure 17 « Photograph taken during early September to show 
the differences in plant development of control 
plants (upper) and those treated with 300 ppm 
NAA, (lower). The label in the lower photograph 
means that NAA was applied six times at 50 ppm 
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at Stage 3 increased seed yield. An analysis of variance was 
run on each experiment, Snedecor (1956). Duncan's new multi­
ple range test, Duncan (1955)» was used to show differences 
"between means. 
Data on effects of growth regulators applied to Hawkeye 
soybeans in 1962 at different stages and in varying concen­
trations are shown in Tables 13 and 14, The largest seed 
yield was obtained from plots that had been treated with 
either 15 ppm or 30 ppm TIBA at Stage 3® Levels of TIBA 
greater than 30 ppm and the NAA application at Stage 3 both 
decreased seed yield. Stage 2 was shown to be too early and 
Stage 5 too late for applications of TIBA to increase yield 
of seed. The treatment with NAA at Stage 2 did not decrease 
seed yield. Seed size was not increased with the optimum 
levels of TIBA, therefore the increase in yield was the 
result of a larger number of seed. The NAA treatment at 
Stage 5 increased seed size, but decreased yield. The chemi­
cal either decreased the number of beans set per pod or the 
number of pods, or both. 
An experiment was conducted in 19&3 with TIBA and NAA 
applications at different stages (Tables 15 and 16). This 
experiment was somewhat similar to the 1962 experiment. 
Since the 1962 level of NAA appeared high, a concentration 
lower than this and one higher were chosen. The number of 
times of application of NAA was increased from three to six. 
About two weeks were necessary for the spraying of NAA by 
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Table 13. Effects of chemical treatments applied at differ­
ent stages of growth in 19&2 on soybean seed 
yield* 
Stage of 
application 
Chemical applied and pounds 
of seed per acre 
TIBA 
150ppm 
1725 
TIBA 
30 ppm 
2153 
TIBA 
15ppm 
2154 
TIBA 
7.5ppm 
2237 
Control 
2366 
NAA 
750ppm 
2452 
TIBA NAA TIBA Control TIBA TIBA 
150ppm 750ppm 7.5ppm 15ppm 30ppm 
1754 1825 2191 2208 2441 2486 
TIBA NAA TIBA TIBA TIBA Control 
150ppm 750ppm 30ppm 15ppm 7»5ppm 
1944 1948 2031 2204 2289 2320 
*Means underscored by the same line are not significant­
ly different at the 5% level. 
this method. 
An increase in seed yield was obtained with 45 ppm TIBA 
when applied at Stage 3® This is comparable to the 1962 
data. None of the NAA applications produced a seed yield 
significantly greater than that of the controls. In this 
experiment both chemicals decreased seed size when applied at 
Stage 3. The high rate of NAA did not decrease seed size when 
applied at Stage 2» When applied at Stage 4, NAA increased 
seed size, as was shown for Stage 5 in 1962. TIBA decreased 
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Table 14. Effects of chemical treatments applied at differ­
ent stages of growth in 1962 on soybean seed size* 
Stage of Chemical applied and 
application grams per 100 seed 
2 NAA 
750ppm 
16.5 
TIBA 
150ppm 
16.5 
TIBA 
30ppm 
I6.6 
Control 
17.0 
TIBA 
7.5ppm 
17.2 
TIBA 
15ppm 
17.2 
3 TIBA TIBA TIBA NAA Control TIBA 
15ppm 30ppm 7»5ppm 750ppm 
16.9 
150ppm 
16.4 l6.5 16.6 16.9 17.5 
5 Control 
16.8 
TIBA 
7.5ppm 
16.8 
TIBA 
15ppm 
16.8 
TIBA 
30ppm 
17.1 
TIBA 
150ppm 
17.3 
NAA 
750ppm 
21.3 
*Means underscored by the same line are not significant­
ly different at the 5% level. 
Table 15» Effect of chemical treatments applied at differ­
ent stages of growth in 1963 on soybean seed yield* 
Stage of Chemical applied and 
application pounds of seed per acre 
2 NAA Control NAA TIBA TIBA 
300ppm 1200ppm 120ppm 45ppm 
2290 2308 2377 2 4l4 2607 
3 Control NAA TIBA NAA TIBA 
300ppm 120ppm 1200ppm 45ppm 
2208 2344 2377 2445 2557 
4 NAA TIBA Control TIBA NAA 
300ppm 120ppm 45ppm 1200ppm 
2125 2221 2229 2236 2410 
*Means underscored by the same line are not significant­
ly different at the 5$ level» 
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Table 16. Effect of chemical treatments applied at different 
stages of growth in 196 3 on soybean seed size* 
Stage of Chemical applied and 
application grams per 100 seed 
2 TIBA TIBA NAA NAA Control 
45ppm 120ppm 300ppm 1200ppm 
16.6 16.8 16.9 17.S 17.5 
3 TIBA TIBA NAA NAA Control 
120ppm 45ppm 300ppm 1200ppm 
16.0 16.4 16.7 16.7 17.2 
4 TIBA TIBA Control NAA NAA 
120ppm 45ppm 300ppm 1200ppm 
15.9 16.1 17.2 17.8 18.1 
*Means underscored by the same line are not significant­
ly different at the 5# level. 
seed size in Stage 4 as it did in Stage 3 in this experiment. 
A larger number of seed was produced by plants sprayed with 
45 ppm TIBA at Stage 3. 
The effect of applying TIBA in one, three, or six appli­
cations is shown in another experiment of 1963 (Tables 17 and 
18)o Also, the effects of Stage 3 and Stage 4 applications 
are shown. There was no difference in seed yield or seed 
size whether the chemical was applied one or more times at 
Stage 3» The sta;ge of application is shown to be very impor­
tant. Stage 4 applications of TIBA did not show the increased 
yield responses that were shown with optimum levels of TIBA 
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Table 17. Effect of TIBA applied at different stages and 
various numbers of application in 1963 on soybean 
seed yield* 
Total amount Stage of application, number of times 
of TIBA the chemical was applied and 
applied pounds per acre of seed produced 
Control 
TIBA 
15ppm 
Stage 3 
6 times 
1918 
Stage 4 
1 time 
18?8 
Stage 4 
1 time 
2012 
Stage 4 
3 times 
2074 
Stage 3 
1 time 
2012 
Stage 3 
1 time 
2241 
Stage 3 
3 times 
2091 
Stage 3 
3 times 
2250 
Stage 4 
3 times 
2095 
Stage 3 
6 times 
2277 
TIBA Stage 4 
30ppm 1 time 
1849 
Stage 4 Stage 3 
3 times 3 times 
2007 2243 
Stage 3 Stage 3 
6 times 1 time 
2319 2457 
TIBA 
60ppm 
TIBA 
120ppm 
Stage 4 
1 time 
1916 
Stage 4 
1 time 
1809 
Stage 4 
3 times 
2090 
Stage 3 
3 times 
2219 
Stage 3 
6 times 
2323 
Stage 4 
3 times 
2232 
Stage 3 
1 time 
2370 
Stage 3 
1 time 
2152 
Stage 3 
3 times 
2461 
Stage 3 
6 times 
2152 
*Means underscored by the same line are not significant­
ly different at the 5% level. 
applied at Stage 3« 
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Table 18. Effect of TIBA applied at different stages and 
various numbers of application in 196 3 on soybean 
seed size* 
Total amount Stages of application, number 
of TIBA of times applied and 
applied grams per 100 seed 
Control Stage 3 
1 time 
17.5 
Stage 3 
3 times 
17.5 
Stage 3 
6 times 
17.7 
Stage 4 
1 time 
17.7 
Stage 4 
3 times 
17.7 
TIBA 
15ppm 
Stage 4 
1 time 
16.8 
Stage 3 
1 time 
17.3 
Stage 3 
3 times 
17.5 
Stage 4 
3 times 
17.5 
Stage 3 
6 times 
17.7 
TIBA 
30ppm 
Stage 4 
3 times 
17.0 
Stage 3 
1 time 
17.0 
Stage 3 
6 times 
17.2 
Stage 3 
3 times 
17.3 
Stage 4 
1 time 
17.6 
TIBA 
60ppm 
Stage 4 
1 time 
16.7 
Stage 3 
1 time 
16.7 
Stage 4 
3 times 
16.9 
Stage 3 
6 times 
16.9 
Stage 3 
3 times 
17.0 
TIBA 
120ppm 
Stage 4 
3 times 
16.2 
Stage 3 
3 times 
16.5 
Stage 3 
1 time 
16.7 
Stage 3 
6 times 
16.7 
Stage 4 
1 time 
16.7 
*Means underscored by the same line are not significant 
ly different at the 5% level. 
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V. DISCUSSION 
The purpose of this work was to study the effects of 
growth-regulatory chemicals on the balance between vegetative 
growth and reproductive development in soybean plants. The 
growth regulators used were NAA and TIBA. Some of the exper­
iments were conducted during the winter in the greenhouse 
with controlled photoperiods and other experiments were per­
formed in the field during the summer. 
Hawkeye soybeans were used for field studies because 
they are well adapted to the conditions at Ames. If Ford had 
been used, the NAA treated plants probably would have failed 
to mature before frost. Ford was used in the greenhouse stu­
dies because Hawkeye would flower on long days earlier than 
Ford would flower on the same daylengths. 
The relatively high rates of both TIBA and NAA caused 
the young greenhouse plants of the first group of plants to 
have gross abnormalities. The plants treated with 5° PPm of 
TIBA were very short with much modification of the organs. 
Whiting and Murray (1948) classified TIBA as a growth regula­
ting substance which is active in inducing modification of 
organs. Much branching would be expected in plants where the 
apices had been killed. 
The second and third groups of plants in the greenhouse 
were subjected to short daylengths until flowering was ad­
vanced before the chemicals were applied. The development of 
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the fruits was unchanged, by the chemical application. The 
after-effect of the short photoperiods appeared to persist as 
a dominant factor in these studies, Johnson et. al. (i960) 
found that development induced by short photoperiods per­
sisted as an after-effect when they transferred soybean 
plants to long photoperiods. 
The fourth group of plants was left on long days until 
the ratio of mature to immature leaves was large and flower 
initiation already had occurred. At 90 days of age, the 
plants were subjected to various photoperiods, initiation 
periodsj chemical treatments, and leaf removal treatments to 
study the effects of these factors on fruit development. 
With 14-hour daylengths the photoperiod was the factor 
which primarily controlled fruiting. The development of 
fruits on the plants probably was proceeding at a maximum 
rate, and TIBA had no added effect in hastening maturity. 
The photoperiod effect, however, was not so strong but that 
the NAA treatment caused a delay in maturity and a decrease 
in pod number. Both the TIBA and apex-removal treatments 
promoted pod-set, but this extra pod-set was not reflected 
in seed yield on the 14-hour photoperiod. The high rats - of 
chemical reduced the size of the plants compared to the size 
of the control plants. The differences in size of plants and 
amount of energy expended in pod development probably explain 
the low seed yield of plants treated with TIBA. Compared to 
control plants, many more pods of the TIBA plants were un-
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filled. No treatment, except the apex-removal treatment, 
yielded as well as the control plants on this photoperiod. 
The chemical treatments were heavy and immediately slowed 
growth of the plants. TIBA probably had some anti-growth 
effects on the fruits and NAA caused fewer pods to be set 
on the plants «, 
The 16-hour photoperiod is longer than is normal under 
field conditions for Ford soybeans during the fruiting 
season. Compared to the shorter photoperiod, these long days 
delayed maturity seven weeks on control plants, but this 
period of delay was reduced to two and one-half weeks if TIBA 
was applied, indicating that TIBA had an effect similar to 
reduced daylength» The application of TIBA caused a larger 
number of pods to be set. This pod set was not reflected in 
greater yield since TIBA caused small plants and decreased the 
period of time for seed development. 
The application of NAA also caused fewer pods to be set. 
However, if an initiation period had been given before the 
NAA was applied, the number of seeds per pod was increased. 
Again, on this photoperiod, seed yield was highest on the 
control and apex-removal treatments. 
On the 18-hour daylength, TIBA, young-leaf-removal, and 
apex-removal treatments all caused an increase in number of 
pods,set, number of beans harvested and seed yield, and de­
creased the number of days to maturity. Any of the above 
treatments should have reduced the auxin content of plants, 
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therefore decreasing vegetative growth. The control plants 
on this long photoperiod yielded poorly and never matured 
fully. With enough time, however, the plants appeared to be­
come somewhat less sensitive to photoperiod requirements. 
Fisher (1955) found this to be true with Lincoln soybeans in 
their photoperiodic requirements for flowering with increased 
age. 
Johnson et al_. (i960) found large differences in number 
of days from emergence to maturity of soybeans subjected to 
different photoperiods, and concluded that these differences 
resulted from accumulations of differences from each stage of 
development during the life of the plants. In this experi­
ment the plants were not subjected to various photoperiods 
until flowering had occurred. Fruiting and maturity of the 
plants could be increased by either shorter photoperiods or 
anti-auxin compounds. Also, young-leaf-removal and apex-
removal treatments hastened maturity of the plants on both of 
the longer photoperiods. These data indicate that a reduc­
tion in the amount of auxin may be the factor that causes 
growth of the vegetative plant to slow, and thus fruit growth 
and maturity of the plants are accelerated. Fisher (1955) 
reported that the effects of anti-auxin appeared to be the 
hindrance of auxin production by young leaves rather than 
inhibiting effects in mature leaves. If the effect of anti-
auxin is to reduce auxin production or action, then removal 
of organs actively producing auxin, such as young leaves or 
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apices, should have similar effects to anti-auxin applications, 
as -was noted in this study. 
Evidence appears conclusive that the requirement of 
short days is important for fruiting of soybeans. Neilson 
(19^ 2) reported that Biloxi soybeans flowered on long days, 
but that short days were essential for fruit-set. He attri­
buted this to failure to produce viable pollen, but indivi­
dual flowers of these plants did set fruit if pollinated with 
pollen from plants that had been on short days when the 
pollen was produced. 
Preliminary experiments in the field in l?6l with a 
number of concentrations of the chemicals applied at various 
stages of development indicated that the most effective time 
to spray plants with TIBA or NAA to obtain changes in growth 
and development was at about five to ten percent flowering 
(Stage 3). 
Visual effects after treatment with TIBA were very 
similar to those reported by Galston (19^ 6) and Whiting and 
Murray (1948)„ The morphological development was slightly 
advanced and the axillary growth was increased. The chemical 
caused noticeable modification of the organs ôf the plants. 
Data from counting of flowers did not show any increase of 
early flowers in the field, as was shown in greenhouse studies 
with TIBA« The photoperiod is more than adequately short at 
Ames for flowering of Hawkeye soybeans in late June, there­
fore TIBA would not be expected to cause earlier flowering. 
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NAA, however, delayed flowering and early fruit set. This 
effect is in agreement with the data for NAA in the green­
house on short daylengths. 
In the field studies, results indicate that the effects 
of the growth regulators, when sprayed at Stage 2, were on 
the vegetative parts of the plants. The applications pro­
bably were too early to alter fruiting of the plants, except 
under conditions where vegetative growth was altered appre­
ciably, as with excessive branching if TIBA was applied at a 
high rate. 
However, when the chemicals were applied at Stage 3, 
both the reproductive and vegetative growth of the plants 
were altered. Flowers were just beginning to appear on these 
plants at the time of the first application of the chemicals„ 
The maturity of the plants was hastened with the use of TIBA 
and delayed with the use of NAA. These data compare favorably 
with those discussed previously for plants sprayed under 
controlled photoperiods in the greenhouse„ Earlier flowering 
could not be detected on TIBA-treated plants in the field, 
probably because the naturally shortening photoperiod was the 
dominating factor at this stage of development of the plants. 
Later in the season TIBA hastened fruiting on the plants. 
The period of pod-set is probably the critical period for 
seed production by indeterminate types of soybean. Vegeta­
tive growth and setting of pods are both taking place at the 
same time. If the vegetative growth can be slowed at this 
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time, the young pods can compete better for the necessary 
growth materials. According to Loom!s (1953)» mature flowers 
produce very little growth hormone and have a correspondingly 
low ability to compete for growth materials. It would appear 
logical to assume that the flowers could compete better for 
growth materials if the auxin supply was reduced in the vege­
tative meristems and young leaves so that the food would not 
all be channeled toward these centers. After the fruit 
begins growth, it is better able to channel the growth 
materials to itself. According to this concept, maximum 
conditions for fruit yield would be a slowing of vegetative 
growth at about the time the fruit was setting on the plants, 
and then promoting maximum growth conditions after the fruit 
held set. 
The results show that maturity was affected by spraying 
the plants with either TIBA or NAA. However, the effect of 
the growth regulators on maturity was not nearly as great in 
the field as in the greenhouse. The daylengths under field 
conditions during the last few weeks before maturity were 
shorter than any of the constant daylengths used in the 
greenhouse. Johnson et al. (i960) found that the number of 
days from pod-set to maturity was greater for constant photo­
periods than for the shortening photoperiods of natural con­
ditions. If the photoperiod affects the balance of growth 
regulators in the plants, then the effects of applied TIBA 
under short-day conditions would be expected to be less than 
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the effects of the chemicals applied in the greenhouse where 
daylengths were not shorter as the plants matured. From the 
aspect of maturity, the effects of applications of NAA to 
field plants were similar to the effects noted in the green­
house with the 14-hour daylength, but the number of days 
which maturity was delayed by the chemical was fewer in the 
field than in the greenhouse. 
Effect; of the growth regulators on branching of the 
plants was difficult to study in the greenhouse because the 
control plants did not branch much. In the field branching 
is a normal characteristic of soybean plants. Application of 
low levels of TIBA caused some increase in branching, and 
high levels caused much branching because the chemical killed 
the apices. This phenomenon caused the plants treated at 
Stage 2 to be very vegetative and delàyed their maturity. 
There was very little branching of any plants treated with 
NAA, either in the field or in the greenhouse. These effects 
of TIBA and NAA on branching can be explained by the effects 
of auxin on lateral primordia. Gregory and Veale (1957 ) 
reported that auxins controlled the development of vascular 
traces to the axillary buds, and found that a high auxin 
content of the stem tissues prevented the formation of pro-
vascular strands. Wickson and Thimann (i960) reported that 
IAA applied to pea stem sections reached the lateral buds and 
was responsible for inhibition of the buds. 
An unexpected phenomenon was observed in the plants 
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treated with NAA, The stems were large and the plants were 
resistant to the large wind-storm which lodged all the un­
treated plants. When these plants were separated into their 
component parts, the NAA-treated plants were found to have 
much more stem weight than control plants in both 1962 and 
1963» The total vegetative weight was increased wit" the use 
of NAA, In 1962, NAA was used at a heavy rate for each 
spraying and resulted in a slight decrease in seed yield. In 
1963 the number of applications was increased and the concen­
tration decreased so the chemical would be less injurious to 
the plant, and final seed yield was not decreased. In both 
years, the percentage of the total dry matter of the plants 
found in the reproductive parts was lower for NAA-treated 
plants than for control plants. The NAA-treated plants were 
later in development of pods. Auxin played some role in 
causing more dry matter to be accumulated in the vegetative 
growth of the plant. The data suggest that deposition of 
materials in the cell walls lasted for a longer period of 
time. 
Spraying the soybean plant with TIBA caused a more rapid 
accumulation of dry matter in the reproductive parts of the 
plants. This extra weight was a result of both earlier pods 
and more pods, and the seeds grew more rapidly on the plants 
treated with TIBA than in controls„ The TIBA probably acted 
as an anti-auxin by reducing the auxin supply in the actively 
growing vegetative parts of the plants as stated previously. 
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This enabled the small young pods to obtain materials for 
growth, which they would have been unable to compete for if 
the leaves and merlstems had been actively growing and 
channeling the supplies toward these areas. The early 
flowers set pods in the TIBA treated plants and got a more 
rapid start of growth. The stems of the plants sprayed with 
TIBA produced less weight in most cases. Weight of pods and 
seeds at any given date appeared to be large for plants 
treated with TIBA, If the fruits were calculated as a per­
centage of the total dry weight of the plants, the percentage 
was always greater for those plants treated with TIBA, This 
is a reflection of earlier pod set, less vegetative growth, 
and more energy utilized in the fruits„ 
Yield of seed was studied along with dry weight changes 
of the plants in these experiments. It was evident that 
Stage 2 applications in the field were too early and Stage 4 
applications were too late to get yield increase responses 
from the chemicals. When applied at Stage 2, TIBA caused 
excessive branching and NAA-application resulted in more 
vegetative growth. Both of these responses resulted in a 
vegetative growth change without much direct effect on 
fruiting. When applied at Stage 4 or later the NAA caused 
pod-drop and prolonged vegetative growth. TIBA had little 
effect on total yield when applied at Stage 4, It probably 
had some anti-growth effects on the fruits because seed size 
was smaller on TIBA-treated plants in 19&3• 
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There was an increased seed yield response to TIBA 
applications at Stage 3 in the range of 15 to 120 ppm. As 
indicated earlier in this discussion, this probably resulted 
from an earlier start of the seed growth and more sugars 
available for them to use. The temporary lowering of auxin 
supply in the growing regions of the plant by TIBA applica­
tion so that the young fruits can compete for food and 
minerals while being set is probably the dominant effect of 
TIBA in causing greater seed yield. If the application was 
too high the seed size was small and the plant was small, 
probably due to general anti-growth effects of the chemical. 
The applications of NAA slowed pod-setting and growth 
early, but did not affect yield much by harvest time, unless 
the chemical had been applied heavily $ as in 1962. The 
effects of NAA in speeding vegetative accumulation of dry 
matter was evident in these experiments. 
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Vic SUMMARY 
Both greenhouse and field studies were made of the effect 
of growth regulators on the balance between vegetative growth 
and reproductive development of soybeans. Constant photo­
periods were used in the greenhouse studies and interactions 
between photoperiod and chemical effects were studied. The 
growth regulators used were TIBA and NAA, and the varieties 
of soybeans grown were Ford for the greenhouse experiments 
and Hawkeye for the field experiments, 
In the greenhouse, TIBA hastened flowering and fruiting 
of the plants and NAA delayed flowering and fruiting* When 
strong inductive photoperiods were used until flowering was 
advanced the growth regulators were applied to the plants, no 
effects of the chemicals were observed except those effects 
that were injurious because of heavy rates of the chemical. 
The after-effect of the short photoperiods appeared to 
persist as a dominant factor. 
One group of plants was left on long days until the 
plants were in flower, and effects of photoperiod, leaf 
removal treatments, and growth regulators on fruiting were 
studied® In general, the TIBA treatment, the apex-removal 
treatment, and the young-leaf-removal treatment hastened 
maturity with 16 and 18 hour daylengths, but not with 14 hour 
dayào The NAA treatment and the old-leaf-removal treatment 
delayed maturity on the 14-hour daylength. TIBA appeared to 
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have an effect similar to shortening the photoperiod or 
removing the auxin-producing young leaves. NAA appeared to 
have an effect similar to lengthening the day or removing old 
leaves. 
On the 18-hour daylength, TIBA, young-leaf-removal, and 
apex-removal treatments resulted in an increase in number of 
pods set, number of beans harvested, and seed yield* The 
treatments were drastic enough to reduce yield on shorter 
daylengths, but not on the long photoperiods» It is concluded 
from these results that short days are favorable for fruiting 
of soybeans after flowering has occurred. 
Preliminary experiments with field plantings indicated 
that growth regulators were most effective in altering repro­
ductive attributes of soybeans if applied at about five to 
ten percent flowering (Stage 3)• Maturity of these plants 
was hastened a few days with TIBA and delayed a few days with 
NAA. 
Fruiting was hastened on TIBA-treated plants and delayed 
on NAA-treated plants0 Competition between vegetative growth 
and young fruits is thought to be in favor of the vegetative 
growth until an appreciable number of fruits are set per 
plant• It is hypothesized that TIBA slows auxin production 
or action in young leaves and mer1stems of the plants, there­
fore lowering the competition of the vegetative parts of the 
plant for growth materials. Data from these experiments show 
that NAA treated plants utilized more material in the vegeta-
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tive parts of the plant. Fewer early pods were set on these 
plants. 
An increase in seed yield was shown for TIBA-treated 
plots at Stage 3 in the range of 15 to 120 ppm. Higher 
levels were injurious to the plants. There appeared to be 
better conditions for pod-set and fruit growth when this 
treatment was used. 
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